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Introduction
Diisophorone (1) is a readily accessible com pound [2] of the tricyclo [7.3.1.02-7] tridecane ring system (A), the three-dimensional bridged carbon skeleton (C) of which incorporates the bicyclo[3.3.1]nonane structure B: the detailed knowledge of the chemistry o f this simpler bicyclic pattern [3] has provided guidelines for the study of the less familiar tricyclic diisophorane-system. The 1-bridgehead position, situated in an almost iden tical structural environment in both ring systems, is of particular interest as a directly com parable reactive centre.
The study of nucleophilic replacements at the bridgehead of condensed bicyclic structures has, since the pioneering work of Bartlett [4] , clarified the mechanism and transition state geometry of nucleophilic substitutions [5] [6] [7] , especially those in volving carbonium ion rearrangements. Solvolysis at the bridgehead in norbornyl, bicyclo[2.2.2] and [3.2.1]octyl, adamantyl and hom oadam antyl com pounds occurs with rearrangement [8] [9] [10] , while that of l-halogenobicyclo [3.3 . l]nonanes [11, 12] yields, without change in the carbon skeleton, bicyclo[3.3.1]nonan-l-ol as the principal product; other examples are on record [3, 13] .
In the diisophorone structure (C), the bicyclo[3.3.1]nonane moiety is slightly distorted, the 2(7)-double bond partially flattening ring B, without however appreciably deflecting the bridgehead C-l bond. Ring A and the peripheral methyl groups present steric obstacles to ap proaching reagents, but the activating influence of the 2(7)-en-3-one system is likely to enhance 1-bridgehead activity. The expectation that 1-halogenodiisophorones should undergo nucleo philic substitution with retention of the ring-system has been realized in their alkaline hydrolysis [14] and aminolysis [15] . In special circumstances, however, the bridgehead may participate in rear rangement, as is exemplified by a pinacol transfor mation of a 1,2-diol [16] . The present account of solvolysis and allied reactions of 1-halogeno diisophorones supplements and extends our pre vious observations. Since the systematic names of com pounds of the present series are excessively long and cumbersome, we continue to use our pro posed [2] simplified nomenclature based on the term 'diisophorane' for the parent hydrocarbon (5,5,9,11,1 l-pentamethyltricyclo [7.3.1.02-7] tridecane).
Results and Discussion

Production o f 1 -halogenodiisophoranes
The required 1-halogenodiisophoranes were ac cessible by several methods, including extensions of those due to Kabas and Rutz [14] , who obtained 1-chlorodiisophorone (3) from the corresponding alcohols by the action of thionyl chloride or con centrated hydrochloric acid. The former has proved to be the more generally applicable re agent, affording both 3 and its 3-deketo analogue (12), as well as their 5,11-bisnor-homologues (4, 13) in excellent yield. The corresponding 1-bromo com pounds, however, were not obtainable by the parallel use o f thionyl bromide, mixtures of brominated products being obtained. In another ap proach, l-chlorodiisophor-2(7)-enes (e.g. 12) were accessible by the removal of the 3-keto-function from the pre-formed chloroketone (e.g. 3) by catalytic hydrogenation, which occurred without affecting the 1-halogen substituent.
The action o f concentrated hydrohalogen acids on the alcohols, though an excellent method for producing 3 [14] , is more limited in its applicabili ty. The 5,11-bisnor-homologue (2) and diisophoranes lacking the 3-keto-function (e.g. 10) reacted only slowly and incompletely. 1-Bromodiisophor-2(7)-en-3-one (5) was obtainable from 1 in high yield (70%) by the use of 45% hydrobromic acid, but here again, the procedure failed with the lower homologue (2) and the 3-deketo-compounds (10, 11). When successful, the reaction is remarkable in that the water-insoluble non-basic starting m ateri als (e.g. 1) dissolve rapidly in the concentrated hy drochloric acid at room tem perature to give deepred solutions, from which the insoluble products separate gradually, arising presumably from inter mediate carbonium ions (e.g. D); their participa tion in the K och-H aaf carboxylation, and in the alkylation of l-hydroxydiisophor-2(7)-enes by tri alkyl orthoform ates has previously been postulat ed [2] , A nother effective route to 1-bromodiisophor-2(7)-en-3-one (5) was the interaction o f the 1-methoxy com pound (6, R' = Me) with acetyl bromide-stannic chloride: this application of Su zuki and M orita's method [17] has already proved successful in producing the 1-chloro-analogue (3) [2] . The action o f phosphorus tribrom ide (on 1) proved o f limited utility, affording only small and variable yields (up to 17%) o f the 1-bromo-compound 5.
Although 3 gave a 2,4-dinitrophenylhydrazone, the formation o f ketonic derivatives from the 1-halogenodiisophorones was usually attended by partial loss o f halogen, presumably by nucleophilic attack by the nitrogenous reagent (N H 2N H R , NH-.OH, N H 2N H C X N H 2), and was therefore un suitable for their general characterization.
The spectral properties (UV, IR) of 3, 12 and their congeners are in accord with their form ula tion (see Experimental). The l3C N M R spectra of the 3-ketones 3 -5 have already been incorporated in our wider surveys correlating these spectral characteristics [18, 19] . Spectra of diisophoranes lacking the 3-oxo-function, previously unreported, are now exemplified by those of 10, 12, and 14; they are readily interpreted by reference to fully assigned l3C N M R spectra o f related structures [18, 19] , including that o f the prototype 1 (shown in Table I for comparison). In the 3-deoxo-compounds (10, 12, 14), modifications in the spectra are confined to signals of carbon atom s in the im mediate vicinity of the structural change at C-3. Thus, the new 3-methylene carbon produces a high-field triplet (S, 2 1 -2 4 ppm), agreeing in its chemical shift with those of com parable centres in cyclohexenes [20] . The removal o f the electron-attracting 3-keto group is further attended by a dis tinct up-field displacement of the C-4 signal, con sistent with the increased electron density at this adjacent centre; the same, though progressively smaller effects are apparent at C-5 and C-6. The carbon atoms flanking the 2(7)-double bond, now no longer part of an a-enone system, display near ly equal chemical shifts in the range characteristic of alkylated cyclohexenes [20, 21] . Elsewhere in the molecule, the chemical shifts of the signals remain substantially unaffected, especially those o f C-9, 10 and 11, remote from the structural change, and of the extranuclear methyls.
The previously unrecorded spectra of the a,ß-unsaturated keto ethers 6 (Aik = Me, Et) arising in the present solvolyses, and in the acid-catalyzed alkylation of 1 by trialkyl orthoform ates [2] , re semble closely that of 1. Except for minor changes in the chemical shifts of the 1-carbon atom bearing the modified substituent, and of the spatially prox imate 12-methylene grouping, the spectra are al most identical. 
Solvolysis and Allied Reactions
The interaction of the 1-chloro (3, 4) and 1-bromo (5) ketones with sodium alkoxide in the appropriate alcohol occurred exceptionally rapid ly, giving excellent yields of 1-alkoxydiisophor-2(7)-en-3-ones (6, 7; R' = Me, Et, /Pr) within m in utes at room temperature. In contrast, solvolysis of their 3-deoxo analogues (12, 13) occurred at an infinitely lower rate. Sodium alkoxide in the ap propriate alcohol was virtually without action at room tem perature, and only 5 -1 0 % conversion (12 -^14) was achieved after several hours at the boiling point of the medium.
Hydrolysis of the 1-halogenoketones (3, 5) by sodium hydroxide in aqueous dioxan gave the par ent /?-ketol (1) as the sole product (90% after 1 h at 100 °C; slower using calcium carbonate). The use o f alkali in aqueous ethanol under various condi tions gave mixtures of the 1-ethoxy (6, R' = Et) and 1-hydroxy compounds (1), the former general ly predominating. Here again, the 3-deketo-analogues reacted less rapidly, though the rate differ ences were less extreme. Hydrolysis of 12 in 0.75 M sodium hydroxide in boiling 85% aqueous etha nol, for example, was complete within 10 h, yield ing 1-ethoxy-(14, R' = Et) and 1-hydroxy-diisophor-2(7)-ene (10) (ca. 4:1; total 75%). The use of m ethanol and 2-propanol gave comparable re sults.
Acetolysis o f halogeno compounds, especially in the presence of urea as acid-binding agent [22] , is an established route to acetoxy compounds. A p plied to l-chlorodiisophor-2(7)-en-3-one (3), the reaction gave the 1-acetate (8), together with small quantities of the parent /?-ketol (1) arising hydro lytically in a side reaction. 1-Acetoxydiisophor-2(7)-ene (16) was similarly formed (from 12) at a com parable rate as 8 (completion in ca. 36 h at 100 °C).
Mechanism. -The steric constraints at the 1-bridgehead in diisophorone virtually prohibit, as in other bridged bicyclic systems [6] , L rear-face' a t tack by an approaching reagent. The foregoing substitutions thus proceed by the bimolecular SN 1 mechanism, involving the rate-determining form a tion of a bridgehead carbonium ion (D, E) and its rapid reaction with the nucleophile. The resulting solvolysis rates, depending on the ionic stability of the carbonium ion [8] , are known to span a very wide range for a series of related structures, differ ences by factors o f 1013 being on record [7] , In saturated bicyclic systems, the established very low bridgehead reactivity towards both uni-and bimo lecular nucleophilic replacement [4, 23] is attribut able to the rigid non-planarity of their 'locked' bridgehead carbon bonds, disfavouring the form a tion of the (flat) carbonium ion: in the present se ries, this contributes to the low substitution rates in the deoxy-compounds (12, 13) . In the reactive 3-keto-analogues (3 -5 ) , the formation of the in termediate 1-carbonium ion is prom oted by the de localization of its positive charge (D') due to over lap of the electron-rich orbitals of the a,^-conju gated keto system. Enhanced tautom erization of the 3-keto-group in the alkaline media may possi bly further contribute to the greatly accelerated reaction rates.
Acylation of Diisophorones
Diacetyl derivatives. The acylation of diisopho rone /?-ketols (e.g. 1, 2), normally terminating with the production of 1-monoacyl derivatives (e.g. 8) [14, 24, 25] , is now shown to proceed to diacylated products under conditions conducive to enolization of their 3-keto group. Enol acetylation is ef fected specifically by isopropenyl acetate [26] and is prom oted when the action of acetic anhydride is catalyzed by perchloric acid: steroid ketones and quinones have been converted into enol acetates by these reagents [26] .
The perchloric acid-catalyzed acetylation of the yö-ketols (1, 2) gave products that were separable into mono and diacetyl derivatives. Isopropenyl acetate effected the same change, but was without action on the preformed monoacetyl compounds; attem pts to achieve exclusive diacetylation by its means were not successful.
The m ono-substitution products are the known 1-acetoxy com pounds (e.g. 8) [14] . The diacetyl derivatives are formulated as 1,3-diacetoxydiisophora-2,7-dienes (17, 18) . Their IR spectra include an intense broad or twinned peak at 1725-1755 crrT1, corresponding to two acetyl carbonyl groups; the characteristic enone absorption [14, 27] has disappeared. Com parison o f the observed position of the UV absorption maximum (17: A, 246 nm) with those calculated by the Fieser-W oodward rules [28] for homo-and heteroannular systems of conjugated double bonds (A, 273, 244 nm, respectively) confirm the distribution of the diene-system (in 17, 18) over rings A and B. A lka line hydrolysis reconverted the diacetate 17 into the parent /7-ketol 1.
The 13C N M R spectrum of the diacetyl-derivative 17 (Table I) is readily assigned by reference to the established chemical shifts of diisophorones in general [18, 19, 30] , and those of the m onoacetate 8 [18] and conjugated dienes in particular [18, 29] , and is in accord with the proposed structure. Its re semblance to that of l-acetoxydiisophora-2,7-diene (19) (included in Table I for com parison) is remarkably close [29] , while any deviations from that of the 1-acetoxy-ketone (8) are accountable in terms of the structural differences.
Conclusion
The production of 1-halogenodiisophoranes (3 -5, 12, 13) from the corresponding hydroxy (1, 10) and alkoxy com pounds (6), and their reconver sion thereto by nucleophiles shows that the struc ture and configuration of the diisophorane skele ton is preserved throughout the 1-bridgehead sub stitution processes (e.g. 1 -» 3 -* 6 -* 3 -*■ 1). It illustrates once again [24] the stability and steric integrity of this ring-system under these condi tions, contrasting with the ring contraction [30] and arom atization [31] processes that it is capable of undergoing when attacked elsewhere in the molecule. -Enolization of the 3-keto-group o f di isophorones has been repeatedly postulated [24, 25, 32] as part of the mechanism of their intercon versions: the isolation and characterization of the present diacylated products provides concrete evi dence for the existence of such structures.
Experimental
The simplified nom enclature employed is that adopted in Part 1 [2] , which also gives general in formation concerning standard procedures, re agents, solvents and abbreviations. Light petro leum had b.p. 6 0 -8 0 C unless otherwise stated. Perchloric acid was the "A nalar" grade, s.gr. 1.54 (6 0 -6 2 % HC104). The equipment and procedures used in the measurement of the 13C N M R spectra are specified in Part 17 [25] . Unassigned peaks of the IR spectra are not recorded except for the key com pounds 3 ,5 and 17.
Thin layer chrom atography (TLC) was carried out using plates coated with a 250n slurry of Silica Gel G (Merck, after Stahl) and activated by heat ing to 100 °C for 1 h. The solvent systems used were (a) light petroleum and benzene, 1:4 and (b) benzene and ethyl acetate, 4:1. Plates were devel oped by spraying with 50% sulphuric acid and heating at 100 °C. 
-Chloro-5,1-bisnordiisophor-2( 7) -en-3-one (4)
M ethod I: A solution of 2 (2.48 g, 10 mmol) in chloroform (15 ml) was treated at room tem pera ture with thionyl chloride (1.43 g, 12 mmol) in chloroform (10 ml), and stirred at room tem pera ture for 2 h, and at 50 °C for 1 h. The standard work-up (see 3, above) gave a pale-yellow solid (2.4 g); crystallization from ethanol (10 ml) with dropwise addition of water gave needles (1 .6 -1. 
M ethod II:
Dissolution of 2 (10 mmol) in con centrated hydrochloric acid (50 ml), interaction at room tem perature for 24 h, and standard work-up (see above) gave mixtures containing, according to TLC, 1 5 -2 0 % of 4 (compare ref. [14] ).
-Chlorodiisophor-2( 7) -ene (12)
M ethod I: Treatm ent o f 10 (15 mmol) [14, 33] by this procedure, followed by vacuum distillation gave a colourless mobile liquid (b.p. 110-112 °C/ 0.5 mm Hg; 120-121 °C/2.5 mm Hg) which solidi fied on storage and gave lustrous platelets (3.35 g, 80%) of 12, m.p. 
M ethod III:
Hydrogenation of the Haloketone. A solution of 3 (1.48 g, 5 mmol) in glacial acetic acid (30 ml) was shaken in an atmosphere of hy drogen over A dam s' catalyst [34] (0.15 g) at room tem perature for 3 h. The filtered liquid was stirred into ice, neutralized with 10 M sodium hydroxide, and the product extracted with ether. Removal of the solvent from the washed dried extracts gave a mobile oil (1.2 g, 85%) , which consisted, after vac uum distillation and crystallization, of 12, identi cal with material obtained in I. 
I -Chloro-5,11 -bisnordiisophor-2(7 )-ene (13)
M
l-Bromodiisophor-2(7)-en-3-one (5)
M ethod II: To vigorously stirred 45% hydrobromic acid (100 ml), finely powdered 1 (5.52 g, 20 mmol) was added at 0 °C during 30 min; stir ring was continued at 0 °C for 1 h, and at room tem perature for 24 h. The added solid formed brown soft globules (1 -2 h) which gradually hard ened and disintegrated to a yellow powder (6 g ). This gave, on crystallization from ethanol ( 
M ethod IV:
Use of phosphorus tribromide. A solution of 1 (2.76 g, 10 mmol) in anhydrous ben zene (400 ml) containing anhydrous pyridine (5 drops) was treated at 0 -5 °C with vigorous swirl ing with phosphorus tribrom ide (5.42 g, 20 mmol). The mixture was set aside at 0 °C for 12 h, and at room tem perature for 4 h, then slowly treated with ice-water (100 ml) and the organic phase washed to neutrality (sodium bicarbonate, water) and eva-porated in a vacuum. The solution o f the resulting reddish-brown resin in ethanol (10 ml) slowly de posited solid (m.p. 8 7 -9 2 °C) which gave prisms of 5 (from ethanol), identical with m aterial ob tained in m ethod II (yield, 17%). The filtrates con tained only intractable gums.
M ethod V. Use of acetyl bromide -stannic chloride. A stirred solution of 6 (R' = Me) (0.58 g, 2 mmol) in acetyl bromide (1.0 g, 8 mmol) , treated at 0 °C with stannic chloride (4 drops), was stirred at 0 °C for 30 min and at 25 C for 3 h, and the liquid diluted with ice-water (5 ml). The precipitat ed resin hardened rapidly on stirring and gave prisms of 5 (from ethanol), identical with material obtained in method II (yield, 0.44 g, 65%).
Solvolyses
In this and the following two sections, selected representative experiments exemplify the typical behaviour of the com pounds concerned.
-Halogenodiisophor-2(7)-en-3-ones (3,5)
Ethanolysis. -A solution o f 3 (1.48 g, 5 mmol) or 5 (1.70 g, 5 mmol) in anhydrous ethanol (12 ml) was treated with one of sodium (0.138 g, 6 mg atom) in ethanol (6 ml) and set aside at room tem perature for 1 h. The yellow liquid (depositing so dium chloride after a few min) was stirred into 3 M hydrochloric acid (100 ml), and the product ex tracted with ether. The washed dried extracts gave, on evaporation, a residue forming prisms (8 5 -90%) of l-ethoxydiisophor-2(7)-en-3-one (6, R' = Et), m .p. 101-103 °C (from light petroleum, b.p. 4 0 -6 0 °C, or from 65% aqueous ethanol), identi cal with material obtained by trialkyl orthofor mate alkylation [2] . Exam ination of the reacting mixture by TLC or by the usual work-up showed that solvolysis was substantially complete after 5 min.
The same procedure employing the appropriate alcohols as solvolytic reagents gave the following homologues: 6 (R' = Me): m .p. 8 7 -8 8 °C (yield, 75-80% ); 6 R' = woPr): m .p. 9 7 -9 9 °C (yield, 70 -8 5 % ), each identical with authentic material /-A lkoxy-5,11 -bisnordiisophor-2-(7) -en-3-ones (7, R' = Me, Et, woPr) These were obtained from 4 by solvolysis (as de scribed for 3, above) and comprise the following examples:
The methoxy-homologue (7, R' = Me) formed elongated prisms (yield. 80%), m .p. 109-110 °C 
-Chlorodiisophor-2(7)-en-3-one (3)
(a) Action o f aqueous alk ali-d io x an gave re sults identical with those described in the fore going paragraph.
(b) Action of aqueous-ethanolic alkali. -The stirred orange two-phase system of a solution of 3 (0.6 g, 2 mmol) in ethanol (10 ml) and 10 M so dium hydroxide (2.5 ml) was boiled under reflux for 1 h. It was added to M hydrochloric acid (75 ml) and the product extracted with ether. The yellow residue obtained therefrom on evaporation solidified on storage and had, according to TLC, the following composition: 1, R F = 0.45 (1 0 -20%); 6 (R' = Et), R F = 0.37 (50-60% ); polymeric isophorone, R F = 0 .1 -0 (10-15% ). Crystalliza tion from light petroleum (b.p. 4 0 -6 0°C) gave prisms (0.3 g, 50%) of 6 (R' = Et), m .p. 101 -103 °C.
-Chlorodiisophor-2(7 )-ene (12)
A solution of 12 (1.40 g, 5 mmol) in ethanol (12 ml) -5 M sodium hydroxide (2 ml, 10 mmol) was boiled under reflux for 12 h. The yellow liquid containing deposited sodium chloride was stirred into M hydrochloric acid (60 ml) and extracted with ether. The semicrystalline residue therefrom (1.1 g) was separated chromatographically: the ap propriate fractions gave, on crystallization, the following products: 14 (R' = Et), m .p. 6 4 -6 5 °C (15%) [2] ; 10, m .p. 8 4 -8 5 °C (35%) [14, 33] , to gether with some polymeric m aterial (retained on the column). After 6 h, the mixture contained, ac cording to TLC, 3 0 -4 0 % of unchanged reactant 12. Ace to lysis
-Chlorodiisophor-2(7)-en-3-one (3)
A solution of 3 (4.42 g, 15 mmol) and urea (2.7 g, 45 mmol) in glacial acetic acid (150 ml) was kept at 100 °C for 48 h. The orange-red liquid was stirred into ice-water, neutralized with sodium car bonate and extracted with ether. The orange oil obtained therefrom on evaporation solidified on storage (4.2 g). Its solution in light petroleum (b. p. 4 0 -6 0 °C) -benzene (1:1) was filtered through alumina, and the column eluted with the same sol vent mixture. The product therefrom gave, on crystallization from eth er-lig h t petroleum, prisms of the 1-acetoxy-compound 8, m .p. 125-126 °C (2.6 g, 55%) [14] , identified by IR (see below).
-Chlor odiisophor-2 (7) -ene (12)
The use of this reactant (4.2 g, 15 mmol) in the foregoing procedure gave a pale-yellow resin con sisting, according to TLC, principally of 16, to gether with some 10. Its solution in light petroleum (b.p. 4 0 -6 0 °C) was chrom atographed, and the alum ina column (40x2.5 cm) successively eluted with light petroleum (b.p. 4 0 -6 0 °C, 250 and 750 ml), and exhaustively with benzene-light pe troleum (1:4). The first eluate gave a colourless mobile oil (1.0 g) which failed to crystallize and was not identified. The second and third eluate gave solid (2.5 g) which consisted, after crystalliza tion from eth an o l-w ater (4:1), of prisms (2.28 g, 50%) o f l-acetoxydiisophor-2(7)-ene (16), m .p. 
Acetylation o f diisophorones
Diisophor-2(7)-en-l-ol-3-one (1) (a) Perchlorid acid -catalyzed acetylation. -A stirred solution o f 1 (8.28 g, 30 mmol) in acetic an hydride (50 ml) at 0 °C was treated dropwise with perchlorid acid (20 drops) dissolved in acetic anhy dride (15 ml) during 30 min. The yellow, later deep-red liquid was stored at 0 °C for 3 days, then added dropwise to ice -10 M sodium hydroxide (100 ml, 1 mol). The orange semisolid precipitate hardened to a yellow solid on storage, was washed with water, air-dried and dissolved in ethanol (20 ml). The resulting pale-yellow crystals were subjected to fractional crystallization from the same solvent and gave, as the less soluble fraction (m .p. 119-121 °C, total 4 -4 .8 g, 4 2 -5 0 % ), l-acetoxydiisophor-2(7)-en-3-one (8) as prisms, m .p. 124-125 C (from ether, 6 ml per g, recovery 90%; from ethanol, 6 ml per g, recovery 60%). Lit. m .p. [14] 125-127 °C. UV: / max 250 nm (loge The monoacetate (8) was substantially recov ered after treatm ent with hydroxylamine hydro chloride by the standard procedure (see 7, above). It also failed to give a 2,4-dinitrophenylhydrazone.
The more soluble fractions from the ethanol fil trates (3.45-4.3 g, 3 2 -4 0 % ) gave, on successive crystallization from ether or ethanol, then ethan o l-w a te r (6 and 4 ml per g, recovery 80%), prisms of l,3-diacetoxydiisophora-2,7-diene (17), m .p. Action of isopropenyl acetate. -A stirred solution of 1 (2.76 g, 10 mmol) in isopropenyl ace tate (25 ml) was treated (under dry nitrogen) with concentrated sulphuric acid (3 drops, colour change to deep-yellow), boiled under reflux for 2 h, and two-thirds o f the liquid distilled off under reduced pressure (under nitrogen). The residual brown liquid was diluted with ether (120 ml) and washed neutral with 5% sodium bicarbonate, 10% sodium chloride and water (removal o f some tar). The dried solution gave, on evaporation under re duced pressure, an oil solidifying at 0 °C, which was fractionated as above, into 8, m .p. 118 -120 °C (44%) and 17, m. p. 7 2 -7 5 °C (25%).
Attem pts to convert 8 into 17 by this procedure were unsuccessful, the reactant being largely re covered, but some 1 and resin were also formed.
5,11-Bisnordiisophor-2(7)-en-l-ol-3-one (2)
Acetylation of 2 (3.72 g, 15 mmol) by procedure (a) gave a crude resinous product, which was ex tracted with ether. The washed dried extracts gave on evaporation a brown viscous resin which was chrom atographed in light petroleum on alumina, the column (2*35 cm) being eluted successively with light petroleum (1 1), light p etro le u m -b en zene (4:1) and (3:2) (1 1 each) . O f the three frac tions obtained on evaporation o f the eluates (A:
